Objective: We explored total oxidant status (TOS) and total antioxidant status (TAS) in patients with obstructive sleep apnea (OSA) and compared them between patients and control group. We also evaluated the effect of continuous positive airway pressure (CPAP) treatment on oxidative stress parameters. Methods: A total of 150 consecutive patients admitted to the sleep clinic for OSA evaluation between 2009 and 2013 were enrolled in the study, including 119 OSA patients and 31 simple snoring control subjects, confirmed by polysomnography. In both groups, serum TAS and TOS levels were measured. TAS and TOS levels of 16 patients in the OSA group were evaluated after CPAP titration. Results: The OSA group consisted of 35 mild, 29 moderate, and 56 severe OSA patients. There was no association between the severity of sleep apnea and parameters of oxidative stress. No significant difference was found in serum TAS and TOS levels of the OSA group and the controls or before and after CPAP titration in 16 OSA patients. Conclusion: In this study, we found no differences in oxidative stress parameters between control and OSA groups. A single night of CPAP treatment does not seem to influence the oxidant-antioxidant status in OSA.
INTRODUCTION
Obstructive sleep apnea (OSA) is a common disorder of middle-aged adults, affecting 4% of men and 2% of women [1] . The incidence of cardiovascular mortalities and morbidities such as hypertension, ischemic heart disease, arrhythmias, and stroke is higher in patients with OSA than in the general population [2] . OSA is characterized by recurrent upper airway obstruction. Patients with OSA experience intermittent hypoxia, leading to hypoxemia, hypercapnia, and increased sympathetic activation. Several studies have reported increased oxidative stress in patients with OSA [3] [4] [5] . Changes in blood oxygen saturation levels during sleep in OSA may result in the oxidant-antioxidant imbalance in favor of higher oxidants, depending on recurrent hypoxic events [6] . Increased generation of reactive oxygen species in vivo can lead to the depletion of one or more antioxidants, and the loss can be measured as an index of oxidative stress [7] . However, there are In this study, we evaluated total oxidant status (TOS) and total antioxidant status (TAS) in patients with OSA and compared their levels between patient and control groups with regard to the demographics and severity of OSA. We also evaluated the effect of continuous positive airway pressure (CPAP) treatment on oxidative stress parameters.
METHODS

Study participants
We analyzed the data for 150 consecutive patients who were admitted to the sleep clinic at St. Paul's Hospital, College of Medicine, The Catholic University of Korea, for evaluation of OSA, between 2009 and 2013. The patients had at least one of the following symptoms: snoring, witnessed apnea, excessive daytime sleepiness, and nocturnal choking, and were suspected of having OSA. This study and the protocol were approved by Institutional Review Board of St. Paul's Hospital, and written informed consent was obtained from all participants.
The patients underwent blood testing after overnight polysomnography. In OSA groups, 16 patients were readmitted for another overnight polysomnography under CPAP titration. Blood for oxidative stress analysis was drawn around the same time as the first polysomnography.
Polysomnography
An overnight polysomnographic evaluation with a Somnostar Pro 7-3a (Cardinal Health, Inc., Dublin, OH, USA) was performed in all the patients. The procedure composed of polygraphic recordings from surface electrodes for electroencephalography, electrooculography, electrocardiography, and electromyography and from nasal pressure transducer with thermistors for nasal and oral airflow, tracheal sounds, and thoracic and abdominal respiration. Transcutaneous oxygen saturation was monitored continuously with a finger pulse oximeter. Positional changes during sleep were recorded, and full-night video recordings were also performed during the test period. All of the evaluations were terminated after final waking of the subject in the morning. The data was collected in a computerized polysomnographic system, and the scoring process was performed manually. Sleep was defined according to the criteria of Rechtschaffen and Kales [8] . Respiratory events were scored according to the American Academy of Sleep Medicine criteria [9] . Apnea was defined as a cessation of airflow lasting at least 10 s. A ≥30% reduction of airflow measured using a nasal pressure transducer, lasting for ≥10 s along with ≥4% oxygen desaturation, or decrease in airflow by 50% or more and lasting at least 10 s along with a discernible decrease of 3% or more oxygen saturation, or an electroencephalography arousal was defined as hypopnea. The apnea-hypopnea index (AHI) was defined as the number of apnea and hypopnea events that occurred per hour of sleep. The AHI, when associated with typical symptoms, was scored as follows: AHI ≥5 events/h was diagnosed as OSA. Of these, 15 ≥AHI ≥5 events/h was considered mild, 30 ≥AHI >15 events/h was considered moderate, and >30 events/h was considered severe OSA. Those who had an AHI less than 5 were included in the control group.
Measurement of the total oxidant-antioxidant status
The serum TAS levels were measured by an automated method [10] using Rel Assay (Rel Assay ® , Diagnostics kits, Mega Tıp, Ga-ziantep, Turkey). In this method, the antioxidant molecules in the sample decolorize the 2,2-azinobis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) cationic radical. The decolorization rate is proportional to the amount of the antioxidant molecule present. Trolox, a vitamin E analog, was used as a calibrator. The data was expressed as mmol Trolox equivalents/L. TOS measurement was performed using the Erel method [11] . In this method, oxidants present in the sample oxidize the ferrousion-o-dianisidine complex to ferric ion, and glycerol molecules that are abundantly present in the reaction medium enhance the oxidation reaction. The ferric ion produces a complex color with xylenol orange in an acidic medium. The intensity of the color is related to the number of oxidant molecules present in the sample. The assay was calibrated with hydrogen peroxide, and the results were expressed in terms of the micromolar hydrogen peroxide equivalent, per liter (mmol H 2 O 2 equivalent/L).
Statistical analysis
Statistical analysis was performed with SPSS for Windows (18.0, SPSS Inc., Chicago, IL, USA) package software. Numerical variables were summarized with mean±standard deviation. Baseline data was compared using one-way analysis of variance. Paired ttest was used for comparing the oxidants and antioxidants before and after polysomnography with CPAP titration. Unpaired t-test was used for comparing parameters between OSA groups and the control group. A value of p<0.05 was considered significant for all statistical analysis.
RESULTS
A total of 119 subjects were diagnosed with OSA (mild-35; moderate-29; severe-55), and 31 subjects in the simple snoring category were included as control group. The mean age of the OSA subjects was 49.2±13.6 years, and that of the control group was 44.81±13.70 years with 113 (74.8%) of them were male. However, there was no significant difference in either age or gender among the patients with OSA and the control group. The demographics of the study groups are presented in Table 1 . The mean values of TAS were similar among the OSA groups compared to that of control group (1.77±0.13, 1.65±0.45, respectively) and there was no significant difference between TOS levels of OSA and control group (4.19±5.36, 4.11±2.69, respectively) either. In patients with CPAP titration, the mean age of the subjects was 52.1±16.4 years, and the mean value of AHI was 57.6±26.7. After CPAP applica- tion, an increase in the TAS levels from 1.75±0.11 to 1.78±0.11 was noted, while TOS levels decreased from 6.54±12.57 to 3.01±1.67 but were statistically insignificant ( Table 2 ).
DISCUSSION
In this study, we compared TOS and TAS levels between OSA patients and simple snoring control group. However, no significant difference was found in oxidant and antioxidative status between the OSA and control groups. We investigated the effects of CPAP on antioxidative status to find that the serum TOS and TAS levels were not significantly different even after CPAP application.
Oxidative stress has been reported to be involved in the pathogenesis of various diseases, such as hyperlipidemia, diabetes, and hypertension [12] . The relationship between oxidant-antioxidant status and OSA has been investigated in previous studies; the current knowledge on increased oxidative stress in the patient with OSA is controversial. Schulz et al. [3] demonstrated enhanced neutrophil superoxide release in OSAS patients compared with controls, which was reversed by CPAP therapy. Barceló et al. [13] reported that patients with OSA had lower TAS, vitamin A, and vitamin E levels. In contrast, some authors have failed to show increased oxidative stress, either by finding no differences in lipid peroxidation [14] [15] [16] [17] or in circulation free nitrotyrosine [18] . In recent studies, Svatikova et al. [15] found that heathy OSAS patients, without any other co-morbidities, did not show evidence of higher oxidative stress, as assessed by measuring plasma lipid peroxidation products before sleep and after 4 h of untreated OSAS. Katsoulis et al. [19] excluded patients with comorbid diseases. In that study, the impact of the severity of disease of TAS and the effect of overnight CPAP administration on TAS were analyzed, but no statistically significant changes in TAS were observed in patients with severe OSA. In our study, we did not find a correlation between oxidative stress and CPAP application. The same limitation may explain the absence of influence of a few hours of CPAP treatment on oxidant-antioxidant status.
These conflicting results may be explained by several factors including the presence of co-morbidities and medications in patients with OSA, both of which can have significant effects on oxidative stress measurement; the absence of controls matched for body mass index and obesity (as obesity may cause oxidative stress independent of OSA) and finally, the timing of oxidative stress measurements. It is important to differentiate between any acute effect of hypoxemia resulting from an apneic event during sleep and any chronic state of heightened oxidative stress that may be sustained in OSA patients even during the daytime [15] . Although we excluded the subjects having a history of chronic and acute systemic infection at the time of the study, we did not exclude subjects having chronic inflammatory disease, hypertension, ischemic cardiovascular disease and hyperlipidemia. In the current study, TOS levels were lowest in patients with severe sleep apnea, and TAS levels were higher in patients with severe sleep apnea compared with moderate sleep apnea. The possibility of medication or treatment affecting the oxidative stress in severe OSA patients cannot be ruled out.
The effect of CPAP therapy in oxidative stress is unclear. Svatikova et al. earlier reported that CPAP therapy did not elicit any change in antioxidant enzymes, and in the absence of significant co-morbidities, sleep apnea did not in itself, initiate the generation of oxidative stress. However, it is possible that in the setting of co-morbidities such as hypertension, vascular disease and the metabolic syndrome, the oxidative consequence of sleep apnea may become apparent [15] . In this study, mean TOS levels, in OSA patients, after CPAP application seem to be influenced from TOS values before CPAP (from 6.54 to 3.01), they were not statistically significant. In terms of the impact of CPAP on the oxidative stress, our study is limited by the small sample size, and therefore, future studies with larger sample cohorts are warranted.
In conclusion, the present study shows that OSA is not related with the level of TAS and TOS suggesting an increased oxidative stress. One night of CPAP treatment does not seem to impact the antioxidant status. Further studies are required on the impact of oxidative stress and the effect of long-term CPAP therapy in patients with OSA. 
